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EXECUTIVE SUMMAF\Y 
1. Seven sites on the six major tributaries entering Sodus Bay (First Creek, Second Creek, 
Third Creek, Clark Creek, Sodus Creek West, and Sodus Creek East) were monitored 
weekly for 52 weeks ( 4 April ,  1989 - 27 March, 1990) for 20 chemical and physical 
parameters including stream discharge. 
2. Eleven stations on Sodus Bay were sampled at a depth of 1 m for chemistry and 
biological parameters. One station near the deepest point in Sodus Bay was sampled 
at meter intervals (depth = 12 m) for 18 chemical and physical parameters on 10 
August 1989. Coliform bacteria presence was examined at 16 sites on two dates 
(1 0 and 15 August 1989). 
3. Statistical analysis of mean daily levels of tributary parameters demonstrated that Clark 
Creek had the minimum level for ten of the parameters measured (discharge, pH, 
alkalinity, conductivity, calcium, magnesium, potassium, sodium, chloride and sul­
fate) . Sodus Creek East had the maximum daily mean of seven parameters (dis­
charge, pH, alkalinity, magnesium, potassium, sulfate, soluble reactive phosphorus, 
total phosphorus and nitrate) . The differences between the two creeks are related 
to land usage in the watershed and watershed size. Clark Creek, which generally 
had the lowest concentration of ions, is almost completely forested and has the 
smallest watershed area. Sodus Creek East, on the other hand, has the largest 
watershed area and generally had the highest daily mean concentration of ions. 
4. First Creek shows evidence (low dissolved oxygen, low pH,  relatively high total 
phosphorus) of a source or sources of organic loading. Causes could include 
agricultural runoff, industrial discharge and/or leaching from septic systems. 
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Depressed dissolved oxygen levels are evident throughout the summer in  First Creek. 
First and Second Creeks were also significantly higher in both sodium and chloride 
concentrations. In general , Second Creek had the highest concentration of metals. 
5. Fecal coliforms are indicators of the probable presence of human sewage in the 
water. In general , the number of fecal col iforms observed throughout the Bay was 
very low .. well below the cutoff for ptimary contact recreational water (200 colo­
nies/1 00 ml) . However, as in the summer of 1 988, water from Station I (near the 
restaurant) contained colonies of fecal col iforms that exceeded 200 colonies/mL on 
two d ifferent occasions. There appears to be a source of fecal coliforms in this area. 
A sampling scheme that follows the required Health Department gu idelines for 
number of samples over a period of time is recommended to establish the occurrence 
of fecal contamination in the Bay at this s ite. 
6. The watershed of Second Creek (1 ,036 kg/d) has the greatest loss of suspended solids 
during the year followed by Sodus Creek East (940 kg/d) . When the loss of sus­
pended solids is normalized for watershed area, Clark and Sodus (West) Creeks 
have the greatest loss per unit area of land. However, because of the low discharge 
of these two streams, overall impact on the Bay is minor compared to Second and 
Sodus (East) Creeks. Over 70% of the suspended materials are lost during the 
spring runoff period except in Sodus. Creek East where over 50 % of the suspended 
solids lost occurred during the winter. 
7. Annually, Sodus Creek East was the major contributor of nutrients to Sodus Bay 
accounting for 46%, 34% and 31 % of the total phosphorus, total nitrogen and total 
suspended solids, respectively, entering Sodus Bay.  A n utrient control program 
within this watershed would probably have the greatest impact on macrophytes and 
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on water quality in the Bay. Second Creek had the second highest loading of total 
phosphorus (24.4%) and total n itrogen (23.1%) . A nutrient abatement program on 
Second Creek would be the next logical choice .  A first step might be to examine the 
relationship of nutrient loading with land use practices in each watershed. 
8. By mid-August thermal stratification of Sodus Bay had occurred. At Station 5, the water 
column consisted of an epil imnion (upper layer of uniform, warm circulating water .. 
-5 m in thickness) overlying a thermal discontinuity layer (the metalimnion - -4 m 
in thickness) and a deeper, cooler hypolimnion. Hypolimnetic oxygen values were 
low (1 - 2 mg/L) . As expected with low oxygen concentrations in the hypolimnion, 
soluble reactive phosphorus increased toward the phosphorus rich sediments. 
Nitrate was non-detectable throughout the water column except in the hypolimnion. 
9. Many chemical parameters in Sodus Bay are influenced by discharge from tributaries. 
The majority of the maximum and minimum values of various chemical constituents 
within Sodus Bay occurred at stations adjacent to creek mouths. For example,  high 
levels of sodium and chloride in First Creek were reflected at Station 4 within the Bay. 
Station 4 had the highest sodium, chloride and conductivity levels within the Bay. 
Similarly, Station 4 and First Creek (which enters the Bay at Station 4) showed s imilar 
symptoms of organic loading .  First Creek had the lowest dissolved oxygen and pH 
levels, the highest total phosphorus concentration and the second highest turbidity. 
Station 4 (near the mouth of First Creek) had the lowest d issolved oxygen and pH 
levels in the Bay coupled with a high total phosphorus concentration. Possible 
causes of these conditions include agricultural runoff. sewage leaching or an industrial 
source within the watershed. Only further investigation can pinpoint these sources. 
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-1 9. Of the six creeks monitored during the spring, Sodus East was the major contributor 
of nutrients to Sodus Bay. Sodus Creek (East and West) accounted for 61 .6% and 
58% of the total phosphorus and n itrate, respectively, entering Sodus Bay. Thus, it 
is not surprising that an extensive macrophyte community, which extends well into 
the Bay, exists at the mouth of Sodus Creek. Similarly, Second Creek, which had 
the second highest loading of total phosphorus (20.2%) , has a large macrophyte 
community at its mouth. 
1 0. Based on the l imited phosphorus loading and chlorophyll data that we have collected 
for Sodus Bay and its tributaries, Sodus Bay falls into the eutrophic category of bodies 
of water. That is to say, Sodus Bay is a productive body of water. The low hypol imnetic 
oxygen levels during the summer also support this conclusion. 
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INTRODUCTION 
In response to public concern created by an abundance of nuisance weeds (i .e. 
macrophytes) within the three embayments of Wayne County (Sodus, East and Port Bays) , 
the Aquatic Vegetation Control Program was created in 1987 to develop long-term man­
agement strategies for the Bays. The program is administered jointly by the Wayne County 
Planning Board and the Wayne County Soil and Water Conservation District. The Soil and 
Water Conservation District recognized early that management of the Bay ecosystem 
would require the development of a data base presently not available. Toward this end, 
th� Wayne County Soil and Water Conservation District contracted with SUNY Brockport 
to collect and analyze limnological data from Sodus Bay and its tributaries. A preliminary 
study was completed in 1989 titled "Umnological Studies of Sodus Bay and its Tributaries". 
The second year of the study was expanded to include the following objectives: 
1. To characterize the environmental status and water quality of Sodus 
Bay during summer conditions; 
2. To monitor seasonally the six streams entering Sodus Bay for selected 
chemical parameters for an annual cycle; 
3. To document the occurrence of low dissolved oxygen concentration 
in First Creek; and 
4. To develop seasonal and annual nutrient loads for phosphorus ,  total 
organic nitrogen, total suspended solids and sodium for each 
stream. 
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Study Site: 
Sodus Bay is located along the south shore of Lake Ontario midway between 
Rochester and Oswego, N.Y. First Creek originates in the Town of Sodus and empties 
into the northwestern corner of Sodus Bay. The sample site at First Creek was changed 
from the intersection of Sargeant and Morley Roads in the preliminary study to an upstream 
site at the culvert on Sergeant Road. A second s ite on First Creek (end of Bayless Road) 
was also monitored for chemistry, but not discharge,  to help identify and document the 
occurrenc� of persistence low oxygen concentrations observed at the mouth of First Creek 
in the previous year. 
Second Creek, which originates in the Town of Lyons, was sampled on the south side 
of Glover Road. Third Creek originates in the Town of Rose and empties into Sawmill Cove 
on Sodus Bay. Third Creek was sampled on the south side of the bridge on Ridge Road. 
Sodus Creek is the major tributary to Sodus Bay; its watershed extends to the Barge Canal 
in the Town of Galen. Sodus Creek was sampled at two locations (Sodus Creek East, 
Sodus Creek West) in the Town of Huron. Both sites on Sodus Creek were north of Route 
1 04, where the creek crossed under this major highway. Clark Creek originates in the 
Town of Huron and empties into the east side of the Bay. Clark Creek was sampled on 
the east side of Lake Bluff Road. 
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METHODS 
General 
Stream water samples were collected and stream height was measured weekly at 
all stream sites from 4 April 1 989 to 27 March 1 990. Sites were chosen, above the influence 
of Sodus Bay, for ease of access (i .e .  closeness to a bridge or culvert for gaging purpo­
ses) (Fig. 1 ) . Bay water samples were taken at twelve stations on Sodus Bay on 1 0  August 
1 989 (Fig 1 ) .  Sample sites on Sodus Bay were chosen to encompass a variety of habitats 
on the Bay (e.g. marinas,  open water, recreational areas, tributary mouths) . Station 5 was 
sampled at meter intervals (0- 1 1 m) . All other water samples were taken at a depth of 1 
meter. Fecal col iform samples were also taken at selected sites from the Bay only (Fig. 
2) . 
All sampling bottles were pre-coded so as to ensure exact identification of the par­
ticular sample. All filtration units and other processing apparatus were cleaned routinely 
with phosphate-free RBS. Containers were rinsed prior to sample collection with the water 
being col lected. In  general , al l procedures fol lowed EPA standard methods (EPA 1 979) 
or Standard Methods for the Analysis of Water and Wastewater (APHA 1 985) . Sample 
water for dissolved nutrient analyses (SAP, nitrate + nitrite) was fi ltered immediately with 
0.45 J.1m MCI Magma Nylon 66 membrane filters and held at 4oc until analysis. Analyses 
of pH, alkalinity, specific conductance, turbidity and d issolved oxygen were completed 
within two hours of col lection. Subsequent analyses were always completed within 24 
hours of collection. 
Statistics were performed on a PRIME 9955 mini-computer using MINITAB and SPSSx 
software packages. 
Water Chemistry 
Chlorophyll a: Chlorophyll a was measured with a fluorometer following the m ethod 
of Wetzel and Likens (1 979) 
Turbidity: Turbidity was measured with a Turner nephelometric turbidimeter within 
four hours after sample collection. When analyzing cold water samples, care was 
taken to avoid condensation on the outside of the sample tube or gas bubble formation 
within the tube. 
Specific Conductance: A Thomas Model 275 Conductivity Meter was used to 
measure conductivity. Results were corrected to 25oc. 
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pH: Analyses were made by electrode using the Beckman 45 meter standardized 
daily using two buffers ( 4 and 9) . pH was measured as soon as possible fol lowing 
sample collection. 
Dissolved Oxygen: Dissolved oxygen analyses were made using the modified 
Winkler method {APHA 1 985) . Samples were fixed in the field and transported to the 
laboratory for final titration. 
Total Alkalinity: Alkalinity was estimated within two hours of collection by titrating 
with standard H2S04 to a pH end point of 4.5. 
Nitrate + Nitrite: Dissolved n itrate + nitrite nitrogen analyses were performed by 
the automated (Technicon Autoanalyser) cadmium reduction method {EPA 1 979) . 
Total Phosphorus: The persulfate digestion procedure was used prior to analysis 
by the automated (Technicon Autoanalyser) colorimetric ascorbic acid method (APHA 
1 985) . 
Soluble Reactive Phosphorus: Analysis was performed using the automated 
(Technicon) colorimetric ascorbic acid method (APHA 1 985) . 
Total Kjeldahl Nitrogen: Analysis was performed using a modification of the 
Technicon Industrial Method 329-7 4W /8. The following modifications were performed: 
1 .  In the sodium salicylate·sodium nitroprusside solution, sodium nitroferri-cyanide 
(0.4g) replaced the concentrated n itroprusside stock solution. 
2. The reservoir of the autoanalyser was fil led with 0.2M H2S04 instead of distilled 
water. 
3. Other reagents were made fresh prior to each analysis. 
Total Suspended Solids: APHA (1 985) Method 209C was employed for this analysis. 
Chloride: Analyses were performed using the mercuric nitrate method (APHA 1 985) . 
Metals: Calcium, magnesium, sodium and potassium were determined by atomic 
absorption spectrophotometry (Perkin-Elmer 3030) (APHA 1 985) . 
Physical Measurements 
Temperature: Stream and Bay temperatures were measured with a calibrated 
mercury thermometer and a Whitney thermistor, respectively. 
Stream Height: Stream height was determined weekly by measurements of the 
distance from the surface of the stream to a standard location on the overlying bridge 
or culvert. Stream area for various stream heights was calculated by planimetry. A 
l ine was fit to the values for stream area by polynomial interpolation using Curve Fitter 
(Interactive Microware 1 984) , which allowed stream cross-sectional area to be esti­
mated for all sampling dates based on stream heights. 
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Stream Velocity: Stream velocity was measured either in the culvert or within the 
cement channel of a bridge (Chow 1 964) . Measurements were at equally spaced 
locations at each station on all dates with a Gurley Meter. 
Watershed Area: Areas used in the loading calculations were obtained by planimetry 
from USGS topography maps. Watershed areas were not the whole area of the 
watershed but were the area of the watershed upstream from the sampling point. 
Quality Control 
Quality Assurance Internal Quality Control: Multiple sample control charts (APHA 
1 985) were constucted for each parameter analyzed, except oxygen and total suspended 
solids. A prepared quality control solution was placed in the analysis stream for each 
sampling date. lf the control solution was beyond the set l imits of the control chart, corrective 
action was taken and the samples re-run. Frequency of instrument calibration is indicated 
in Table 1 .  Table 2 provides a summary of the quality assurance data. 
External Quality Control: Biannually, reference solutions were obtained from The USEPA 
EMSL Laboratory in Cincinnati , Ohio, and placed into the analysis stream. In all cases, 
analyses fell within the standard error of the control sample provided. 
Table 1. Frequency of Calibration of Reagents or Instruments 
Instrument 
Turbidity 
YSI Conductivity Bridge 
pH meter 
Alkalinity 
Dissolved Oxygen 
Technicon-Nitrate Nitrite 
Technicon-TP 
Technicon-SRP 
Technicon-TKN 
Chloride 
Atomic Absorption Spectrophotometer 
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Standard I Recalibration 
Polymer standards weekly 
KCL standards weekly 
Standards weekly 
NaC03 quarterly 
Biniodate quarterly 
Stock standards weekly 
Stock standards weekly 
Stock standards weekly 
Stock standards each analysis 
Stock standards weekly 
Stock standards weekly 
_d_.�. .... ---- -·-···-----
Table 2. Summary of quality assurance data from the water quality laboratory at 
Brockport, Brockport, N.Y. May, 1 989 - April ,  1 990. SAP = Soluble reactive phosphorus, 
TKN = Total .kjeldahl nitrogen, R .E. =Relative Error. S .D. =Standard Deviation, 
C.V. =Coefficient of Variation, C. I . =Confidence Interval. Values in mg/L unless otherwise 
noted. 
Number 
of True Mean S.D. c.v. 95% R.E. 
S ample s Value C. I .  % 
Alkalini ty 55 75.51 75.48 1.04 0.014 7 3.40-77.57 0.04 
Calcium A 50 30.00 29.95 0.99 0.033 27.97-31.9 2 0.2 
B 10 80.00 79.37 1.49 0.019 76.39-8 2.34 0.8 
Chlor i de 6 1  27.9 3 26.50 1.75 0.06 3 22.99-30.01 5.4 
Conduct ivi ty 6 3  7 17.00 714.29 6.09 0.008 702.10-726.47 0.4 
(umhosjcm) 
Magnes ium A 51 10.00 10.44 0.32 0.032 9.80-11.08 4.2 
B 10 15.00 15.95 0.44 0.029 15.07-16.83 5.9 
N i trate A 25 0.40 0.40 0.05 0.115 0.30-0.49 1.1 
(mg N/L) B 35 1.60 1.60 0.08 0.052 1.44-1.77 0.2 
Po tas s ium A 51 1.01 1.02 0.088 0.087 0.84-1.19 0.6 
B 10 5.00 4.99 0.08 0.017 4.8 3-5.16 0.1 
pH A 49 4.0 1  3.99 0.04 0.010 3.9 1-4.06 0.6 
B 12 9.18 9.20 0.05 0.006 9.09-9.30 0.2 
Sodium A 40 10.00 10.06 0.25 0.025 9.56-10.55 0.5 
B 21 40.00 38.97 1.41 0.035 36.16-41.79 2.6 
SRP (ug P/L) A 23 4.96 4.77 1.88 0.379 1.02-8.53 3.9 
B 37 24.80 24.27 3.17 0.128 17.94-30.60 2.2 
Sulfate A 37 20.00 19.78 1.6 1 0.080 16.56-22.99 1.1 
B 24 30.00 28.79 1.30 0.043 26.19-31.39 4.2 
Total Pho sphorus A 27 24.80 22.25 4.59 0.185 13.08-31.43 11.5 
(ug P/L) B 28 37.20 34.25 9.03 0.243 16.20-52.31 8.0 
Turbidi ty (NTU) 6 1  0.46 0.46 0.05 0.099 0.37-0.55 0.04 
TKN (ug N/L) 5 1  1.50 1.43 0.15 0.102 1.12-1.7 3 5.1 
1 1  
RESULTS and DISCUSSION 
SODUS BAY TRIBUTARY DATA: 
Stream Height and Discharge 
The relationship between stream height and cross-sectional area of the stream at a 
given stream height were presented in last year's report (Makarewicz and Lewis 1 989) or 
in Figure 3 for the new location on First Creek. 
Based on the velocity .measurements in every season, the relationship between 
stream velocity and surface height is presented for each stream in Figu res 4 and 5. 
Correlation coefficients (r2) exceed 0.80 indicating a good fit of the actual velocity mea­
surements to the fitted regression line; i .e, we are able to predict stream velocity with a fair 
degree of precision. Rating curves (stream d ischarge versus stream height} have been 
developed for each stream (Fig. 6 and 7). The equations developed from the rating curves 
predicting discharge at each site are given in Table 3. 
The mean daily d ischarge values (m3/day) in descending order were Sodus Creek East 
(46,386) , Second Creek (31 ,404) , Thi rd Creek (23,737) , Sodus Creek West (23,298}, First 
Creek (4,6 1 7) and Clark Creek (1 , 649) (Table 4) . As expected,  seasonal discharge is 
variable but highest during the winter and spring (Fig .  8) and correlated to precipitation 
(Fig. 9) prior to leaf out. Table 5 presents the correlation matrix for daily d ischarge of all 
five creeks. The correlation between Sodus Creek East on all other creeks is above 0. 75 
(r) . This suggests that the use of Sodus Creek East as a base station for instantaneous 
measurements of d ischarge and their application to other  creeks within Sodus Bay should 
be successful. 
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Table 3. Equations predicting discharge rates in Sodus Bay tributaries. 
D = Discharge (CFS) , H = Height in inches. Height is the distance from the surface 
the stream to a fixed stable point at the top of the culvert pipe or top of the bridge over 
the stream. 
First Creek D = 21 5.45229 - 6.32747H + 0.04608H2 
Second Creek 
(East Culvert) D = 692.03540 - 1 5.54893H + 0.08738H2 
ry.Jest Culvert) D = 541 .65653 - 1 2.48549H + 0.071 90H2 
Third Creek D = 670.77456 - 1 3.76499H + 0.07046H2 
Clark Creek D = 1 43.29344 - 7.68332H + 0. 1 0302H2 
Sodus Creek D = 2345.87648 - 4 1 .3761 9H + 0. 1 8253H2 
(West) 
Sodus Creek D = 794.49288 - 1 3.20651 H + 0.05503H2 
(East) 
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Temperature (Figure 1 0) 
The general changes in stream temperature reflect the seasonal changes in 
temperature as the summer season approaches. Range and variability of temperature 
all locations were very similar. Clark and the Lower First Creek were slightly cooler during 
the summer due to shading from trees (Table 4}. 
pH (Figure 1 1 } 
Mean daily values of stream pH in descending order were 8.20 (Second} , 8.20 (Sodus 
East) , 8.06 (Sodus West}, 8.01 (Third}, 7.93 (Clark} and 7.96 (First) (Table 4) . Seasonal 
variability within each stream over the sampling period was relatively low except for 
site at Lower First Creek. At this site, pH decreased almost a ful l  pH unit during the summer. 
This decrease did not occur at the main First Creek site at Sergeant Road. 
Turbidity (Figure 1 2) 
Turbidity is caused by suspended matter in the water and is an expression of 
optical property that causes l ight to be scattered. Mean annual daily turbidity levels in 
creeks ranged from 7.39 NTU (First Creek) to 3.34 NTU (Sodus West) (Table 4) during 
the study period. This variability is partially correlated with high discharge and precipitation 
events. High rainfall leads to greater surface runoff and higher turbidity in the streams. 
Alkalinity (Figure 1 3) 
Alkalinity is a measure of acid neutralizing capacity of the water. Mean annual alkalinity 
varied considerably between creeks (Table 4) . Mean annual alkal inity values (mg CaCOsfL) 
in descending order within the streams were 1 94.63 (Sodus East) , 1 88.49 (Second) , 1 
(Third) , 150.99 (First) , 1 25.48 (Sodus West) and 1 1 3. 1 1 (Clark) . Concentrations of CaC03 
in the streams were directly related to the area of the watershed they drain (Table 
Watershed area accounted for over 89% (r2 = 0.893) of the variabil ity in alkalinity. Within 
each creek, alkalinity increased during summer and decreased during the winter. 
14 
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Table 4. Summary of physical and chemical parameters (4 April 1989- 27 March 1989, n =52) for First, Second, Third, Clark, Sodus West, and 
Sodus East Creeks. 
MEAN± S.E. 
(RANGE) 
FIRST SECOND THIRD ClARK SODUS WEST SODUS EAST 
Temperature 8.3 ± 1.0 ·9.1 ± 1.1 9.1 ± 1.1 8.3 ± 1.0 8.4 ± 1.0 8.8 ± 1.0 
(Celsius) (0.0 -19.8) (0.0-23.1) (0.0-22.2) (0.0 -19.9) (0.0 -20.8) (0.0-21.0) 
Discharge 4,617 ± 836 31 ,404 ± 5,521 23,737 ± 4,032 1,649 ± 387 23,298 ± 3,161 46,368 ± 6,169 
(Cubic meters/day) (0 -20,695) (494 -185,328) (0 -1 09,917) (97 -11 ,679) (2,806-94,706) (7 ,644 -211 ,086) 
pH 7.96 ± 0.03 8.20 ± 0.03 8.01 ± 0.03 7.93 ± 0.04 8.06 ± 0.03 8.20 ± 0.03 
(7.29 -8.30) (7.58 -8.56) (7.44-8.38) (6.60 -8.38) (7.47-8.45) (7.42-8.70) 
Alkalinity 150.99 ± 4.09 188.49 ± 4.38 160.74 :t 4.97 113.11 ± 4.15 125.48 ± 4.63 194.63 ± 4.99 
(mg CaCOs/4 (76.30 -200.23) {101.71-228.66) (85.62 -212.59) (53.87 -154.91) (56.28 -185.40) (74.47-244.73) 
Conduct� 466±9 523 ± 13 410 ± 11 271 ± 10 300 ± 11 505 ± 11 
�mh em) (258- 564) (270-656) (219-538) (120-518) (126-428) (267-600) 
Turbidity 7.39 ± 1.80 5.35 ± 3.02 5.81 ± 0.74 6.49 ± 1.10 3.34 ± 0.64 6.06 ± 0.68 
(NTU) (1.85 -76.50) (0.68 -158.50) (1 .89 -30.80) (0.94 -52.30) (0.47-29.60) (2.00 -24.60) 
Dissolved oxygen 9.'6 ± 0.25 10.6 ± 0.21 9.7 ± 0.25 10.5 ± 0.24 10.3 ± 0.25 10.4 ± 0.20 
(mg/l.) (6.5 -13.0) (7.7 ·14.2) (6.4 -13.3) (7.2 -14.4) (7.2 -13.8) (8.0 -13.9) 
Calcium 53.14 ± 1.20 63.23 ± 1.42 55.50 ± 1.47 38.43 ± 1.27 43.50 ± 1.39 64.59 ± 1.53 
(mg/l) (31.52-69.22) (35.62 -84.86) (34.31 -74.56) (19.58 -57.05) (20.70-63.95) (33.68 - 88.86) 
Magnesium 12.09 ± 0.33 13.74 ± 0.37 12.42 ± 0.42 8.43 ± 0.23 10.09 ± 0.32 16.33 ± 0.38 
(mgll) (6.63 -17.79) (7.30-17.85) (5.98 -17.32) (4.16 ·10.61) (4.51 -14.18) (7.79-19.83) 
Potassium 2.10 ± 0.08 2.27 ± 0.08 1.69 ± 0.06 1.27 ± 0.04 1.30 ± 0.05 2.34 ± 0.08 
(mg/l.) (1.37 -4.54) (1.46. 3.77) (1.07 -3.04) (0.83 -2.36) (0.74-2.23) (1.49 -4.29) 
Sodium 21.15 ± 0.60 22.30 ± 0.97 10.45 ± 0.54 3.61 ± 0.09 4.50 ± 0.15 14.09 ± 0.39 
(mg!l) (13. 76 -33.53) (9.29 -34.55) (4.36 -24.39) (2.48 -4.93) (1.95 • 6. 79) (6.37 -18. 73) 
Chloride 38.9 ± 1.14 40.1 ± 1.73 21.7 ± 0.96 8.0 ± 0.26 10.8 ± 0.32 25.5 ±o.n 
(mg/l) (18.5 -64. 7) (17.6 -63.8) (11.3 -50.8) (4.6 -13.6) (5.4 -172) (9.5-34.0) 
Sulfate 31.6 ± 0.93 31.7 ± 1.26 32.4 ± 1.14 22.5 ± 0.92 28.5 ± 2.02 37.9 ± 1.30 
(mg/l) (9.5-43.6) (8.3-53.1) (15.5 -49.8) (6.6-49.7) (9.8 -71.4) (12.7-56.5) 
Total phosphorus 52.5 ± 7.56 42.1 ± 10.67 39.5 ± 2.48 54.9 ± 7.20 27.3 ± 2.40 66.0 ± 3.90 
�g P/l) (14.5-400.3) (2.9 -576.7) (18.3-106.3) (14.3-361.1) (9.4-87.7) (26.9 -164.0) 
Soluble reactive 20.1 ± 1.43 19.6 ± 1.58 16.5 ± 1.29 23.9 ± 1.94 14.0 ± 1.00 32.8 ± 2.31 
phosphorus �g P/l) (4.7-46.4) (2.2-53.7) (3.2-52.7) (2.1 -50.7) (0.9-34.2) (6.3 -89.3) 
Nitrate + nttrite 0.86 ± 0.06 0.67 ± 0.04 0.63 ± 0.04 0.57 ± 0.03 0.50 ± 0.03 0.93 ± 0.05 
(mg!l) (0.30 -1.85) (0.20 -1. 70) (0.26 -1.45) (0.04 -0.91) (0.1 0 -0.96) (0.00-1.85) 
Total Kjeldahl 467.9 ± 44.2 520.6 ± 56.0 623.3 ± 48.5 489.2 ± 61.3 583.0 ± 48.8 540.2 ± 43.0 
nitrogen (Jlg NIL) (50.0 -1500.0) (31.0- 2000) (90.0 -1540) (40.0 -2250) (70.0 • 1950) (80.0 -2090) 
Total suspended solids 18.9 ± 8.26 13.6 ± 9.21 10.6 ± 2.03 21.8 ± 6.30 9.2 ± 2.57 13.3 ± 2.32 
(mg/l) 1-368 0-471 2-94 0-314 0-96 1 -76 
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Table 5. Correlation (R) matrix of discharge for several creeks within the watershed of 
Sodus Bay. (n = 52 for each creek) . 
First Second Third Clark Sodus West 
Second 0.922 
Third 0.&68 0.852 
Clark 0.91 6 0.906 0.834 
Sodus West 0.756 0.824 0.71 5 0.71 5 
Sodus East 0.835 0.870 0.825 0.748 0.800 
Total Suspended Solids (Figure 1 4) 
Clark (21 .8 mg/L) and First (1 8.9 mg/L) Creeks had the highest average values for total 
suspended solids (Table 4) . As would be expected, variabil ity was greatest during 
spring runoff period. 
Conductivity (Figure 1 5) 
Conductivity is an expression of the ability of water to conduct an electrical current, 
which is quantitatively dependent upon the presence of ions and the temperature of the 
stream water. Mean annual conductivity values were significantly lower (p<0.05) in  Clark 
Creek and Sodus West Creek than in the other four creeks studied (Table 4) . Conductivity, 
as alkalinity, is also directly related to watershed area (Table 4) . Watershed area accounted 
for over 64% (r2 = 0.64) of the variabil ity in conductivity. If First Creek is e liminated from 
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the analysis, the correlation coefficient (r) improves to 0.954. Relative to the size of its 
watershed, First Creek has an abnormally high conductivity, which suggests possible 
anthropogenic sources of materials within the watershed. 
Table 6. Relationship between watershed area and alkalinity and conductivity for First 
Creek, Second Creek,  Third Creek, Clark Creek, Sodus Creek West and Sodus 
Creek East. Watershed area is the area upstream from the sampling station. 
Creek Watershed Area Alkalinity Conductivity 
(ha) (mg CaCOafL) (J.imhos/cm) 
Clark 1 55 1 1 3. 1 1  271 
First 800 1 50.99 466 
Sodus West 820 1 25.48 300 
Third 1 1 85 1 60.74 41 0 
Second 261 0 1 88.49 523 
Sodus East 3065 1 94.63 505 
Dissolved Oxygen (Figure 1 6) 
Mean annual stream concentrations of dissolved oxygen (mg/L) varied little between 
streams: Second (1 0.6) , Clark (1 0.5) , Sodus West (1 0.3) , Sodus East (1 0.4) , Thi rd (9.7) 
and First (9.6) (Table 4) . The annual decrease in  oxygen concentration is the resu lt of a 
decrease in oxygen with increasing temperature (Fig. 1 0) .  The relatively high mean 
concentration of dissolved oxygen ( -1 0 mg/L) for all streams suggests that there were 
no major sources of organic matter being loaded into these streams. An exception is 
Lower First Creek. Oxygen values drop precipitously to less then 3 m g/L during the 
summer. Low oxygen values wil l not support many types of fish life and is a sign of a 
degraded stream. Since oxygen values are high at the upstream Sergeant Road sampling 
site, this drop in oxygen at the Bayless Road s ite suggests an organic loading to the creek 
between sites. 
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Calcium (Figure 1 7) 
Mean annual values of calcium (mg/L) in descending order were 64.59 (Sodus 
East) , 63.23 (Second Creek) , 55.50 (Third Creek) , 53. 1 4  (First Creek) , 43.50 (Sodus Creek 
West) and 38.43 (Clark Creek) (Table 4) . Generally, calcium values reached a peak in 
summer and decreased to a minimum in the winter. 
Magnesium (Figure 1 8) 
Mean annual values of magnesium (mg/L) in descending order were 1 6. 33 (Sodus 
Creek East) , 1 3.7 4 (Second Creek) , 1 2.42 (Third Creek) , 1 2.09 (First Creek) , 1 0.09 (Sodus 
Creek West) and 8.43 (Clark Creek) (Table 4) . In general , magnesium was low during the 
spring and increased during the summer. 
Potassium (Figure 1 9) 
Potassium annual means (mg/L) in descending order were 2.27 (Second Creek) , 
2.34 (Sodus Creek East) , 2. 1 0  (First Creek) , 1 .69 (Third Creek) , 1 .30 (Sodus Creek West) 
and 1 .27 (Clark Creek) (Table 4) . An increase in potassium occurred in Second Creek 
summer. This was also observed in 1 988 and correlates with low discharge. 
Sodium (Figure 20) 
Annual mean values of sodium (mg/L) ranged from 3.61 (Clark Creek) to 
(Second Creek) (Table 4} . First (21 . 1 5) and Second Creeks were s ignificantly higher 
(p<0.05) than all the other streams sampled (Sodus East [4.50], Thi rd [1 0.45], Sodus 
West [ 1 4.09] and Clark [3.61 ]) .  
The increase of sodium i n  Second Creek at the end of June correlates well with a 
similar increase in potassium and chloride at this site. These increases are correlated with 
low discharge during this period. This appears to represent base flow conditions whereby 
flow and chemical composition are possibly affected by ,springs. 
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Sodium is surprisingly constant during the year in most of the creeks . Only in First 
Creek is there an overall increase in sodium concentraion during the winter. In Second 
and Third Creeks there are a few peaks in sodium in January and March that are attributable 
to deicing salt application. There does not appear to be a major increase in sodium levels 
that can be attributed to de-icing salt usage on local roads (i .e .  Route 1 04) . 
Chloride (Figure 21 ) 
The six creeks paired off into three distinct groups with respect to chloride (Table 4) . 
The three pairs in descending order of daily means (mg/L} were First and Second (38.9, 
40. 1 ) ,  Sodus East and Thi rd (25.5, 21 .7) and Sodus West and Clark (1 0.8, 8.0) . Each pair 
was significantly different (p<0.05) than the other four creeks . 
As mentioned previously, the increase in chloride in Second Creek is correlated to 
low flow and may represent base flow conditions. The fluctuations in Sodus East, Second 
and Third Creeks in late winter and early spring are most likely tied in with de-icing salt 
applications and snow melts . 
Sulfate (Figure 22) 
Sulfate concentrations increased during the summer and peaked in late fall to early 
winter. The cause of the peak in sulfate concentration in the the autumn in Sodus West 
is not known. 
Soluble Reactive Phosphorus and Total Phosphorus (Figure 23 and 24) 
Concentrations of total phosphorus (66.0 J.lg P/L} and soluble reactive phosphorus 
(32.8 J.lg P/L) in Sodus East and concentrations of total phosphorus in First (52.5 J.lg P/L) 
and Clark Creeks {54.9) were significantly higher (p<0.05) than in the other creeks 
monitored (Table 4) . The high peaks in total phosphorus are correlated with discharge 
(Figure 8} and precipitation (Fig. 9) events during the year. 
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Nitrate + Nitrite (Figure 25) 
Concentrations of n itrate (mg N/L) in streams were in descending order: 0.93 (Sodus 
Creek East) , 0 .86 (First Creek) , 0.67 (Second Creek) , 0.63 (Third Creek) , 0 .57 (Clark 
Creek) and 0.50 (Sodus Creek West) (Table 4) . No obvious seasonal pattern in Second, 
Third ,  Clark and Sodus Creek West was observed. In First Creek, nitrate levels increased 
during the fal l  and winter and decreased during the summer. Nitrate levels in Sodus Creek 
East increased from spring through summer into the winter before a precipitous decline 
in March. This seasonal pattern is unusual. 
Total Kjeldahl Nitrogen {Figure 26) 
No seasonal pattern was obvious.· Third Creek {623.3 ug N/L) and Sodus Creek West 
(583.0) had the highest mean annual concentration . 
SUMMARY OF SODUS BAY TRIBUTARY DATA 
Statistical analysis of mean daily levels of tributary parameters demonstrated 
Clark Creek had the minimum level for ten of the parameters measured {discharge, 
alkalinity, conductivity, calcium, magnesium, potassium, sodium, chloride and sulfate) .  
Sodus Creek East- had the maximum daily mean .of nine parameters {discharge, 
alkalinity, magnesium,  potassium, sulfate, total phosphorus, soluble reactive phosphorus 
and nitrate) . The differences between the two creeks are related to watershed usage 
size. Clark Creek, which generally has the lowest concentration of ions, is almost com pletely 
forested and has the smallest watershed area. Sodus Creek East, on the other hand, 
the largest watershed area and generally has the highest daily mean concentration of ions. 
The new s ite "Lower First Creek" shows evidence {low d issolved oxygen , low 
high organic nitrogen, relatively high total phosphorus) of a source or sources of organic 
loading that does not occur at the sampling site at Sergeant Road. Causes could include 
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agricultural runoff, industrial discharge and/or leaching from septic systems. 
Third Creek, which also has the third highest discharge, had the highest overall con-
centration of organic nitrogen. This suggests a loading of organic nitrogen somewhere 
in this watershed. 
SODUS BAY (10 AUGUST 1989): 
Vertical Profile: (Figures 27, 28 and 29) 
Thermal stratification was evident by 1 0 August 1 989. Hypolimnetic oxygen values 
were low (1 - 2 mg/L) . As expected with low oxygen concentrations in the hypolimnion, 
soluble reactive phosphorus increased toward the phosphorus-rich sediments. Nitrate 
was non-detectable throughout the water column except in the hypol imnion. Vertical 
profiles of other parameters are presented in Figures 27, 28 and 29 . 
GEOGRAPHICAL COMPARISONS WITHIN SODUS BAY -10 August 1989 
Temperature: 
Surface temperature of the bay deviated considerably on 1 0 Aug ust 1 989 (Table 
The minimum temperature observed (20. 1 1 and 20.630C) was in the Bay at the mouth 
Second and Third Creek. The highest temperature (24.680C) was observed at Station 12 
near the mouth of Sodus Creek. In fact, the southeastern end of the Bay from Station 9 
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southward was significantly warmer than the rest of the Bay. This appears to be ""'1.4"""""''"" . ..... 
by the relatively high discharge of warm water from Sodus Creek during the summer 
4) . 
pH: 
pH was lowest at Station 4 (7.59) and Station 8 (7.54) in the Bay adjacent to 
mouths of First and Third Creek. These low values reflect the low pH of the effluent 
First and Third Creek (Table 4) . The high pH in excess of 8.5 in the southern portion 
the Bay reflects the high abundance and productivity of macrophytes in the southern 
portion of the Bay . 
Turbidity: 
Turbidity levels· were low this year (mean = 2.29 NTU) compared to last year (mean = 
4.24 NTU) (Table 7) . Last year's high values were due to the high winds that caused 
considerable mixing of the bottom sediments with the water column. This year's sampling 
was done on a calm day. 
Alkalinity: 
Alkalinity (mg CaC03fL) or buffering capacity was uniformly high within the Bay 
approximately 96 to 98 mg/L. Only those lake stations located at the mouths of the 
(Stations 4,7,8 and 1 2) had significantly higher values for alkalinity ( 1 30 to 1 80 mg/L) . 
These high values represent the influence of those streams on the Bay at a given locality. 
Conductivity: 
Conductivity within the surface waters of the Bay was approximately 290 pmhos/cm 
(Table 7). Similar to alkalinity, Stations 4, 7, 8 and 12 had significantly higher conductivity 
values further documenting the influence of these streams on the Bay proper. 
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Dissolved Oxygen: 
Similar to last summer, Station 4 had the lowest mean dissolved oxygen concentration 
(2.8 mg/L, 1 988 - 4.7 mg/L) (Table 7) . Station 4 receives water from First Creek which had 
low oxygen values below the Sergeant Road sampling site (Fig. 1 6) .  These low amounts 
of oxygen represent values in water that wil l  not support many types of fish life. The low 
oxygen values appear to be caused by an oxygen-demanding source located in the 
watershed of First Creek above Station 4 on the Bay and below our site at Bayless Road. 
A canoe trip up this stream is recommended to determine if a source of organic pollutants 
exist. Measurement of dissolved oxygen and pH would help in determining a source. 
Dissolved oxygen was low (5.2 mg/L) , but not seriously low, at the mouth of Third Creek 
(Station 8) . If further low values are observed, a concentrated effort in determining possible 
organic loadings is warranted. 
Calcium, Magnesium, Potassium and Sodium 
Concentrations of these metals were significantly higher in the Bay at the stream mouths 
(Stations 4, 7, 8 and 1 2) .  Magnesium and sodium were almost twice as high at Station 7 
than at any other site . 
Chloride: 
Chloride levels at the Bay Stations averaged about 22 mg/L. Once again, tributary 
waters seem to influence some Bay stations. Stations 4 (38.4 mg/L) and 7 (46.6 mg/L) 
the mouth of First and Second Creeks had considerably higher chloride levels than other 
sites. 
Sulfate: 
Sulfate varied only 5.9 mg/L throughout Sodus Bay (range: 1 9.2 to 25. 1  mg/L) (Table 
7) . 
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Soluble Reactive Phosphorus and Total Phosphorus: 
Total phosphorus within the open waters of Sodus Bay averaged -31 Jlg/L. At the 
· sites near the mouth of the creeks (Stations 4, 7, 8, 1 1  and 1 2) that enter the Bay, total 
phosphorus averaged 62.4 Jig P /L. All the creeks had high total phosphorus values during 
the summer (Table 4) . 
Nitrate + Nitrite: 
Nitrate levels were generally below detectable levels (Table 7) : A similar s ituation 
was observed in 1 988. The blooms of blue-green algae that occur in Sodus Bay during 
the summer are, in part, a result of these low nitrate values. The absence of n itrate wil l 
favor those algae, such as blue-green algae, that are capable of manufacturing their own 
nitrate. 
Fecal Coliforms: 
Fecal coliforms are indicators of the probable presence of human sewage in 
water. Fecal coliform samples were taken at a number of stations (Fig. 2) . In general, 
number of fecal coliforms observed throughout the Bay was very low (Table 8) - wel l  below 
200 colonies/ 1 OOmL. This level is below the cutoff for primary contact recreational water 
(200 colonies/1 00 ml) and a public water supply (2000 colonies/1 OOml) with treatment (EPA 
1 978) . However, as in the summer of 1 988, water from Station I (near the restaurant) 
contained colonies of fecal coliforms that exceeded 200 colonies/mL on two d ifferent 
occasions. There appears to be a source of fecal coliforms in this area. A sampling scheme 
that follows the required Health Department guidelines for number of samples over a period 
of time is recommended to establish the occurrence of fecal contamination in the Bay 
this site. 
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Table 7. Physical and chemical parameters form 1 meter depths on Sodus Bay sampled on 10 August 
1989. TP= total phosphorus, SRP= soluble reactive phosphorus, CHL= chlorophyll.§, PHEO= pheophytin, 
TEMP= temperature, DO= dissolved oxygen, COND= conductivity, S.Disk= secchi disk depth. 
Station 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
Station 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
Station 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
Chloride 
(mg/1..) 
21.84 
21.84 
22.<42 
38.37 
22.07 
22.07 
-48.57 
19.76 
22.54 
22.30 
21.50 
24.50 
CHL 
(#lg/LJ 
4.8 
11.0 
40.1 
17.8 
19.4 
17.2 
13.4 
5.1 
14.4 
24.9 
13.1 
20.7 
S.Disk 
(meter) 
Bottom 
2.00 
1.10 
1.60 
1.75 
1.90 
Bottom 
Bottom 
1.60 
1.50 
Bottom 
1.40 
Sulfate 
(mg/1..) 
24.7 
24.9 
24.9 
23.1 
24.4 
22.8 
19.2 
22.5 
24.8 
2!5.1 
23.0 
21.0 
PHEO 
(#lg/LJ 
0.7 
0.0 
5.0 
0.4 
4.5 
5.0 
0.0 
0.5 
2.0 
8.4 
4.5 
2.3 
Turbldlty 
(NTU) 
2.31 
3.74 
2.07 
1.82 
2.38 
1.34 
2.02 
"2.33 
2.14 
3.45 
1.99 
2.05 
COND 
(#lmhoalc:m) 
291 
289 
289 
448 
289 
271 
510 
345 
294 
297 
282 
3t58 
TEMP 
(00) 
21.48 
21.98 
22.28 
20.11 
22.40 
21.59 
22.19 
20.83 
23.39 
23.98 
24.10 
24.88 
Potuslum 
25 
(mg/L) 
1.81 
1.60 
1.82 
1.81 
1.83 
1.52 
2.11 
1.46 
1.60 
1.51 
1.46 
1.47 
TP 
(#lgPJI.) 
13.3 
22.9 
51.0 
91.1 
35.0 
21.1 
56.8 
40.7 
26.0 
46.1 
<42.3 
82.2 
DO 
(mgll) 
9.7 
8.9 
8.1 
2.8 
8.8 
11.2 
12.1 
5.2 
9.1 
9.9 
12.4 
11.7 
Sodium 
(mgll) 
11.36 
11.22 
11.39 
21.98 
10.99 
11.92 
26.38 
11.88 
11.80 
11.31 
11.65 
13.30 
Nitrate 
(mg NIL) 
N.D. 
N.D. 
0.01 
N.D. 
N.D. 
N.D. 
N.D. 
0.08 
0.01 
0.10 
N.D. 
N.D. 
pH 
8.34 
8.47 
8.49 
7.59 
8.50 
8.72 
8.35 
7.54 
8.47 
8.84 
8.98 
. 8.65 
Magnesium 
(mgiL) 
8.49 
6.55 
6.73 
9.69 
8.56 
5.61 
12.22 
8.05 
5.94 
s.n 
5.99 
9.40 
SRP 
(#lgP/L.) 
13.3 
15.4 
11.1 
40.7 
8.1 
15.4 
30.4 
18.0 
17.1 
14.6 
20.1 
35.1 
Alkalinity 
(mgll) 
98.82 
98.00 
98.88 
149.97 
97.64 
89.82 
179.22 
129.78 
97.64 
97.23 
98.88 
133.08 
Calcium 
(mgll) 
40.05 
39.08 
39.95 
50.19 
35.78 
32.82 
57.89 
43.39 
37.54 
39.28 
36.48 
47.54 
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Table 8. Results of fecal coliform sampling in Sodus Bay on 1 5  August 1 988, 1 0 and 15 
August 1 990. Values are colonies/1 OOmL. Location of sampling stations can be found 
Figure 2. 
Station 1 5  August 1 988 1 0 August 1 989 1 5  August 1 989 
A < 1 
8 < 1 
c < 1 
D 1 38 
E 1 4  
F 1 
G 1 6  
H < 1 1 0  
41 424 340 
J < 1 
K < 1 1 
L 24 
M 1 0  
N 4 
0 < 1 
p < 1 
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STREAM LOADING TO SODUS BAY: 
Table 9 presents loadings of total phosphorus, total kjeldahl nitrogen, nitrate, total 
suspended sol ids and sodium. The loading data presented here is based on 11grab" 
samples taken every week at a specific time. Meteorologic events that coincidentally occur 
on the sample date are thus monitored. Thus the data presented does not include 
individual precipitation events and may be an underestimate of loading. However, these 
data do provide a reasonable indication of loadings to the Bay. With the construction 
a new gaging station and the monitoring of precipitation events, these estimates should 
be improved. Rough estimates of annual loadings can be derived by multiplying values 
from Table 9A by 365 . 
Sodium: 
Major losses of sodium from the watershed occurred during the study period (Table 
9). Sodium is the major constituent of deicing salt. From 72% to 90% of the salt 
sodium) that enters the Bay occurs in the winter and spring when de-icing salt is applied 
to roads (Fig.  30) . Clark Creek had the lowest loading of sodium because it is the only 
watershed studied that does not cross Route 1 04. Route 1 04 is the major highway in 
area and would be expected to contribute sodium and chloride (due to deicing salt) 
watersheds that intersect it. 
Total Suspended Solids: 
The loss of suspended solids from a watershed is  a measurement of loss of soil or 
erosion from a watershed. The watershed of Second Creek ( 1  ,036 kg/d) has the greatest 
loss of suspended solids during the year followed by Sodus Creek East (940 kg/d) 
9) . When the loss of suspended sol ids is normalized for watershed area, Clark and Sodus 
(West) Creeks have the greatest loss per unit area of land. However, because of the 
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discharge of these two streams, overall impact on the Bay is minor compared to Second 
and Sodus (East) Creeks. This is not to say there is not an impact. There is a local impact 
as evidenced by the degree of sediments that have bui lt up at the mouth of Clark Creek. 
Over 70% and up to 95% of the suspended materials are lost during the spring runoff 
period. An exception to this is Sodus Creek East, in which over 50% of the suspended 
solids lost occurs during the winter (Fig. 31). An opportunity may exist through better 
land management .to minimize some of these losses from the watershed and improve 
conditions in the Bay. 
Nutrients: 
Annually, Sodus Creek East was the major contributor of nutrients to Sodus Bay 
(Table 9) accounting for 46%, 34% and 31% of the total phosphorus, total nitrogen and 
total suspended solids, respectively, entering Sodus Bay. Second Creek had the second 
highest loading of total phosphorus (24.4%) and total n itrogen (23.1 %) and the highest 
loading of suspended solids ( 42.3%). 
Sodus Creek East has the highest discharge and the highest load of phosphorus per 
unit area (Fig . 32). As in the other Creeks, over 80% of the phosphorus loading occurs 
in the winter and spring, the period of greatest discharge of water from the watershed (Fig. 
33). This is also the period of greatest surface runoff due to snow melt and high spring 
rains. Thus land practices, such as manure spreading, plowing of fields, construction, 
will have their greatest impact downstream. A phosphorus control program within this 
watershed would probably have the greatest impact on macrophytes and on water quality 
in the Bay. A phosphorus abatement program on Second Creek would be the next logical 
choice. A first step might be to examine the relatioship of phosphorus loading with 
use practices in each watershed. 
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However, when the data are normal ized for area, Sodus Creek West and Third Creek 
have the highest loading of organic n itrogen and nitrate per unit area of watershed (Figure 
34 and Table 9B) . As noted earlier, this suggests a source(s) of organic n itrogen in these 
watersheds. Since nitrogen can affect macrophyte growth and overall phytoplankton 
growth and thus water quality, a nitrogen control program in these watersheds should 
considered. A first step might be to examine the relationship of n itrogen loading with land 
use practices in each watershed. 
The various creeks of the Irondequoit Bay watershed (Monroe County, NY.) have 
been identified as grossly pol luted prior to remedial action (O'Brien and Gere 1 983) . 
Similarly, Northrup Creek (central Monroe County) , which receives effluent from a sewage 
treatment plant, is known to be pol luted and to posses a higher loading of phosphorus 
than creeks in the I rondequoit Bay watershed (Makarewicz 1 988) . A comparison of Sodus 
Bay tributaries to Monroe County creeks is instructive in identifying the relative condition 
of creeks entering Sodus Bay (Table 1 0) .  Compared to the suburban and urban 
watersheds of Monroe County, the tributaries of Sodus Bay contribute relatively small 
amounts of phosphorus. However, when Sodus East and West are combined, the impact 
of this creek on Sodus Bay is comparable to phosphorus loadings (areal basis) from 
Irondequoit Creek prior to remedial action in 1 979. 
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Table 9. Average daily loadings for sampling days (n=52) of selected parameters from 
First, Second, Third , Clark, Sodus East and Sodus West Creeks. A estimate of annual 
loading may be derived by multiplying by 365. TP = total phosphorus, TKN =Total Kjeldahl 
Nitrogen, N03 = nitrate, Na = sodium, TSS = Total suspended solids. 
A. 
TP TKN N03 Na TSS 
kg P/d · kg N/D kg N/d kg Na/d kg/d 
FIRST 0.33 2.60 4.90 97 195 
SECOND 1.95 18.43 23.19 547 1036 
THIRD 1.05 15.77 16.13 239 443 
CLARK 0.14 1.02 0.82 5 91 
SODUS 0.83 14.98 10.74 92 349 
WEST 
SODUS 3.69 26.83 43.34 562 940 
EASI 
Total 7.99 79.63 99.12 1542 3054 
B. 
TP TKN N03 Na TSS 
g P/ha/d g N/ha/d g N/ha/d g g/ha/d 
Na/ha/d 
FIRST 0.41 3.26 6.12 121 244 
SECOND 0.75 7.06 8.89 209 397 
THIRD 0.89 13.31 13.61 201 374 
CLARK .6:89'' 6.56 5.31 34 590 
SODUS 1.01 18.27 13.09 112 426 
WEST 
SODUS 1.20 8.75 14.14 183 307 
EAST 
5.15 57.21 61.16 860 2338 
TOTAL 
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Table 1 0. Comparison of phosphorus loading in subbasins of the Irondequoit Bay 
watershed, other Monroe County creeks and of tributaries of Sodus Bay. Irondequoit 
basin data are from 1980-81 (O'Brien and Gere 1983) . Data from other Monroe County 
creeks are from 1987-88 (Makarewicz 1988) . 
Subbasin or Creek Total Total 
Phosphorus Phosphorus 
Loading Loading 
(kg P/d) (g P/ha/d) 
Irondequoit Watershed 
Irondequoit Creek 
at Browncroft Blvd 
1975-n 220 5.6 
(pre-diversion) 
1978a79 78 2.0 
(post -diversion) 
Irondequoit Creek 
at Blossom Road 
(remedial action) 
1979 85 2.3 
1982 34 0.92 
1985 28 0.76 
Monroe County Creeks 
Larkin 2.2 0.70 
Buttonwood 3.6 1.58 
· Lower Northrup 12.4 6.64 
Upper Northrup 3.4 3.23 
Wayne County Creeks 
First 0.3 0.41 
Second 1.9 0.75 
Third 1.1 0.89 
Clark 0.1 0.89 
Sodus West 0.8 1.01 
Sodus East 3.7 1.20 
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TROPHIC STATUS OF SODUS BAY 
It is now wel l  accepted that eutrophication of lakes depends on excessive discharge 
of phosphorus and nitrogen to inland waters. This concept, sometimes called the nutrient 
loading concept, implies that a quantifiable relationship exists between the amount of 
nutrients reaching a lake and its trophic status, which can be measured by chlorophyll a 
levels. Figure 35 presents the relationship of chlorophyll level to potential avai lable 
phosphorus for some common upstate New York lakes and bays. Based on the phos­
phorus loading and chlorophyll data that we have collected for Sodus Bay and its tributaries, 
Sodus Bay fal ls into the eutrophic category of bodies of water. That is to say, Sodus Bay 
is a productive body of water. The low hypolimnetic oxygen levels during the summer also 
support this conclusion. 
SUMMARY OF SODUS BAY WATER QUALITY 
Based on the total stream phosphorus loading and chlorophyll data that we have 
collected for Sodus Bay and its tributaries, Sodus Bay fal ls into the eutrophic category 
bodies of water. That is to say, Sodus Bay is a productive body of water. The low 
hypol imnetic oxygen levels during the summer also support this conclusion. 
By mid-August, thermal stratification of Sodus Bay had occurred. At Station 5, 
I water column consisted of an epilimnion (upper layer of uniform, warm circulating water -
-7 m in thickness) overlying a thermal .discontinuity layer (the metalimnion .. -3 m 
thickness) and a deeper, cooler hypolimnion. Hypolimnetic oxygen values were low (1 
mg/L) with an encompanying increase in soluble reactive phosphorus and nitrate in this 
layer. 
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Many chemical parameters in Sodus Bay are influenced by discharge from tributaries. 
The majority of maximum and minimum values of various chemical constituents within 
Bay occur at stations adjacent to creek mouths. For example, high levels of sodium 
chloride in First Creek were reflected at Station 4 within the Bay. Station 4 had the highest 
sodium, chloride and conductivity levels within the Bay. Similarly, Station 4 and First 
(which enters the Bay at Station 4) showed similar symptoms of organic loading. 
• Creek had the lowest dissolved oxygen, a low mean pH value and the h ighest total 
II 
• 
• 
• 
I 
' 
-
phosphorus concentration. Station 4 (near the mouth of First Creek) had the lowest 
dissolved oxygen and pH levels in the Bay coupled with a high total phosphorus con-
centration. Possible causes of these conditions include agricultural runoff, sewage leaching 
or an industrial source. Only further investigation can pinpoint these sources . 
Preliminary fecal col iforms analysis suggests that a source of fecal material occurs near 
the restaurant on the east side of the Bay. A sampling protocol following the State Health 
Guidelines should be instituted to confirm this observation . 
Of the six creeks monitored annually, Sodus Creek East, followed by Second Creek, 
was the major contributor of nutrients to Sodus Bay. These two creeks accounted 
70.4% and 57. 1 % ·of the total phosphorus and nitrate, respectively, entering Sodus 
Thus, it is not surprising that an extensive macrophyte community exists at the mouth 
Sodus Creek and Second Creek which extends wel l  into the Bay. These two watersheds 
are logical candidates for a nutrient control program. 
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L A K E  ON TA R I O  
Figure 1 .  Sodus Bay and its tributaries showing Bay sampling stations and 
sampling sites, Wayne County, N.Y. 
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Figure 2. Sodus Bay and its tributaries showing coliform sampling sites. 
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Figure 3. Cross-sectional area of the new First Creek sampling site versus stream height. 
Stream height is the distance from the top of the culvert to the surface of the stream. Thus 
the higher the stream gets the lower the stream height is on the graph. 
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Figure 4. Average stream velocity versus stream height - First, Second and Third Creek. 
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Figure 5. Average stream velocity versus stream height - Clark, Sodus 
West Creek. 
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Figure 6. Discharge versus stream height (Rating Curve) - First, Second and Third Creek. 
40 
I 
II 
.i 
.; 
.; 
II 
II 
•" i. , ) 
Ill\ 
.. 
• 
.. 
• 
• 
Ill 
.. 
II, fi:" " ' '  
,, . 
w 
c..? 
0::: 
<( 
I 
u 
(/) 
0 
6 
C l a rk C re e k  
4 
2 
0 �--------�--------��--------��------� 
3 0  3 2  3 4  3 6  3 8  
S o d u s  C re e k  W e s t  
3 0  
2 0  
1 0  
9 8  1 0 3 1 0 8 1 1 3 
9 0  
S o d u s  C re e k  Ea s t  
6 0  
3 0  
0 4-------�-------4--------�------�-------; 
8 0  8 7  9 4  1 0 1 1 0 8 1 1 5 
S U R FAC E H E I G HT ( i n )  
Figure 7. Discharge versus stream height (Rating Curve) - Clark, Sodus West and Sodus 
East f!rAAk 
II 
I 
I 
• 
• 
• 
-
• 
It 
·�' 
II 
Ill 
• 
• 
.; 
•; ' ' 4J 
• 
II 
2 5 0 0 0  
2 0 0 0 0  
1 5 0 0 0  
1 0 0 0 0  
5 0 0 0  
0 
2 0 0 0 0 0  
� 
0 1 5 0 0 0 0  
' -o  
1'0 ............ 1 0 0 0 0 0  
E 
5 0 0 0 0  
0 
2 5 0 0 0 0  
o S o d u s  
2 0 0 0 0 0  • S o d u s  
1 5 0 0 0 0  
1 0 0 0 0 0  
5 0 0 0 0  
0 
A M 
D I S C HAR G E  
W e s t  
E a s t  
J J A s 0 N 
o Fi r s t  
• C l e rk 
o S e c o n d  
• T h i rd 
D J F M 
Figure 8. Seasonal dai ly discharge for First, Second, Third,  Clark, Sodus East and Sodus 
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Figure 9.  Total weekly precipitation at Sodus Bay near the U.S.  Coast Guard Station . 
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Figure 1 0. Seasonal daily temperature for First, Second, Third Creek, Clark, Sodus East 
and Sodus West Creeks. 
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Figure 11. Seasonal daily pH for First, Second ,  Third Creek, Clark, Sodus East 
West Creeks. 
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Figure 1 2. Seasonal daily turbidity for First, Second, Third Creek, Clark, Sodus East and 
Sodus West Creeks. 
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Figure 13. Seasonal daily alkalinity concentrations for First, Second, Third Creek, Clark, 
Sodus East and Sodus West Creeks. 
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Figure 1 4. Seasonal daily total suspended solids for First, Second,  Third Creek ,  
Sodus East and Sodus West Creeks. 
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Figure 1 5. Seasonal daily conductivity for First, Second, Third Creek, Clark, Sodus 
and Sodus West Creeks. 
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Figure 1 6. Seasonal daily dissolved oxygen concentrations for First, Second, Third Creek, 
Clark, Sodus East and Sodus West Creeks. 
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Figure 1 7. Seasonal daily calcium concentrations for First, Second, Third Creek, Clark, 
Sodus East and Sodus West Creeks. 
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Figure 1 8. Seasonal daily magnesium concentrations for First, Second, Third Creek, Clark, 
Sodus East and Sodus West Creeks. 
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Figure 1 9. Seasonal daily potassium concentrations for First, Second, Third Creek, Clark, 
Sodus East and Sodus West Creeks. 
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Figure 20. Seasonal d aily sodium concentrations for F irst, Second, Third Creek, C lark, 
Sodus East and Sodus West Creeks. 
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Figure 21 . Seasonal daily chloride concentrations for First, Second, Third Creek, Clark, 
Sodus East and Sodus West Creeks. 
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Figure 22. Seasonal daily sulfate calcium concentrations for First, Second, Third Creek, 
Clark. Sodus East and Sodus West Creeks. 
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Figure 23. Seasonal daily total phosphorus concentrations for First, Second, Third Creek, 
Clark, Sodus East and Sodus West Creeks. 
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Figure 24. Seasonal daily soluble reactive phosphorus concentrations for First, Second, 
Third Creek$ Clark, Sodus East and Sodus West Creeks. 
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Figure 25. Seasonal daily n itrate concentrations for F irst, Second. Third Creek, 
Sodus East and Sodus West Creeks. 
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Figure 26. Seasonal daily total Kjeldahl n itrogen concentrations for First """'"'""'',.,, 
Creek, Clark, Sodus East and Sodus West Creeks. 
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Figure 27. Depth profi les of various chemical and physical parameters at Station 1 0 
August 1 989t Sodus Bay. 
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Figure 28. Depth profiles of various chemical and physical parameters at Station 5, 1 0 
August 1 989, Sodus Bay . 
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Figure 29. Depth profiles of various chemical and physical parameters at Station 1 0 
August 1 989, Sodus Bay. 
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Figure 30. Seasonal tributary loading of sodium to Sodus Bay. 
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Figure 31 . Seasonal tributary loading of total suspended solids to Sodus Bay. 
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Figure 32. Daily and areal loading of total phosphorus to Sodus Bay. 
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Figure 33. Seasonal tributary loading of total phosphorus and total kjeldahl 
Sodus Bay. 
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Figure 34. Daily and areal loading of total kjeldahl nitrogen to Sodus Bay. 
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Figure 35. Relationship between mean summer chlorophyll concentration (mg Chi EJm3) 
and potential phosphorus (mg TP04fm3) ,  a function of retention time and total phosp horus 
loading. Modified from Burton (1 988) and Vollenweider (1 976) , 
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